dinate females in 13 groups [see (24) ]. For each 3-month period, we scored whether or not each female conceived (3 months is close to the minimum interbirth interval) and fitted these data to a binomial distribution. Weight was calculated as the mean of all morning weights for each female during each 3-month period (excluding weights during pregnancy). Generation was defined relative to the dominant: littermates and siblings were considered to be of the same generation; daughters and nieces were allocated to the next generation. Relatedness was calculated from each helper to the pups it cared for using pedigrees derived from microsatellite analysis (6) and was a direct measure of consanguinity (0.5 for full sibs, 0.25 for half sibs and grand-offspring, 0.25 or 0.125 for aunts, and 0.125 or 0.0612 for cousins). Group sizes were categorized as 2 to 6, 7 to 11, 12 to 16, and Ͼ16 members (excluding pups). Rainfall, weight, age category, generation relative to the dominant, and the presence of unrelated males all had a positive significant effect on the probability of a subordinate conceiving in any 3-month period. Subordinate breeding was less common when rainfall was 0 to 50 mm than for 51 to 100 mm or Ͼ100 mm. Though age and weight are closely correlated (r ϭ 0.72, n ϭ 350, P Ͻ 0.001), our analysis showed that for a given weight, subordinate females under 2 years old were more likely to breed than were older subordinates. 15 17 . Our analysis compares the proportion of subordinate females that became pregnant 0 to 3, 3 to 6, 6 to 9, and 9 to 12 months after a change in the identity of the dominant female, with the expected number of conceptions occurring within 10 days of the previous conception, calculated on the assumption that subordinate conceptions were randomly distributed throughout the breeding season (from August to May). 18. Rainfall has no significant effect on the probability that dominants will breed in any 3-month period ( 2 ϭ 4.68, df ϭ 2, P ϭ 0.12) [see (24) ]. 19. L. Keller, H. K. Reeve, Trends Ecol. Evol. 9, 98 (1994). 20. To investigate the factors influencing dispersal by subordinate females, we constructed two GLMMs using data from 59 females in 11 groups involving 33 dispersal events. In model A, we used all instances of dispersal (whether or not they were permanent) and scored whether each female dispersed or stayed in the group. Dispersal events within a week of each other were not considered to be separate. In model B, we considered only females that left the group permanently. In each case, the data were fitted to a binomial model, and the dispersal event was fitted as a random term because of repeated sampling of individuals. Only females of breeding age (over 10 months) were included. "Breeding history" incorporated two categories reflecting whether or not females had bred previously in their natal group. The significant term in model A was age (older individuals were more likely to disperse than younger ones). A number of measures of group size were investigated, including all individuals over 10 months and all individuals over 6 months; only the results for the former are shown in Table 2 . Group size had no significant effect on dispersal rates, and dispersal was as common in small groups as in large ones. 21. Group size (the number of individuals, excluding pups) reduces the mortality of dependent (Ͻ3 months) pups and subadults/adults (animals over 6 months old) [see (24) ] in groups of less than 11 animals (Pearson's regressions: T 1,87 ϭ Ϫ3.55, P Ͻ 0.001 for pups; T 1,36 ϭ Ϫ2.29, P Ͻ 0.03 for animals over 6 months). In contrast, group size has no effect on mortality in groups of over 11 animals (T 1,51 ϭ Ϫ0.44, P ϭ 0.66 for pups; T 1,30 ϭ Ϫ0.99, P ϭ 0.33 for animals over 6 months). The frequency of subordinate reproduction does not vary with group size and is as high in groups of Յ11 as in groups of Ͼ11 (Table 1) 23 . In only 51% of litters born to subordinates do individuals survive to emergence, as compared to 85% of litters born to dominants. Most losses occur in the 2 days after birth and are probably caused by infanticide: Mortality is disproportionately high during the 48 hours after birth. In over half of the 10 cases in which females have been seen to kill pups, the killer was the dominant female and was the grandmother of the pups she killed. In all other cases, killers were closely related females, including sisters and aunts of the subordinate female that bred. The probability that subordinate litters will survive to emergence is not significantly related to the mother's age or weight, to the number of helpers present in the group, or to rainfall in the month that the litter was born. After emergence, there is no difference in survival to 3 months between pups born to dominants and subordinates (68.1% Ϯ 8.7 versus 69.8% Ϯ 3.6) [see (24) Interannual variability in aboveground net primary production (ANPP) was assessed with long-term (mean ϭ 12 years) data from 11 Long Term Ecological Research sites across North America. The greatest interannual variability in ANPP occurred in grasslands and old fields, with forests the least variable. At a continental scale, ANPP was strongly correlated with annual precipitation. However, interannual variability in ANPP was not related to variability in precipitation. Instead, maximum variability in ANPP occurred in biomes where high potential growth rates of herbaceous vegetation were combined with moderate variability in precipitation. In the most dynamic biomes, ANPP responded more strongly to wet than to dry years. Recognition of the fourfold range in ANPP dynamics across biomes and of the factors that constrain this variability is critical for detecting the biotic impacts of global change phenomena.
Regional and global patterns in aboveground net primary production (ANPP) and their determinants have long interested ecologists (1, 2). More recently, interest has intensified as projected global changes in climate, nitrogen deposition, and land use (3) threaten to alter ecosystem carbon and energy flow. Because alterations in ANPP can influence virtually all ecosystem processes, detecting directional changes in productivity (4) against the backdrop of natural variability is important. However, a critical limitation to detecting temporal change is a lack of knowledge of the inherent interannual variability in ANPP in biomes. This variation has been quantified indirectly (5), but only now, with the maturation of the Long Term Ecological Research (LTER) network of sites across North America, are long-term data available to assess temporal dynamics in ANPP for a variety of biomes.
Here we present a synthesis of these longterm data to address two questions. First, what are the patterns of interannual variability in ANPP for desert, arctic/alpine, grassland, and forest biomes? Previous estimates of ANPP were unavoidably based on small sample sizes, short time periods, or indirect techniques (1, 2, 6) with no measure of variability. We summarize ANPP data from 11 sites widely distributed across North America, with an average sampling period of 12 years. These data allow us to calculate more robust ANPP estimates as well as to quantify temporal variability in ANPP across a large productivity gradient.
The second question is, do established climatic predictors of mean ANPP across biomes [precipitation and temperature (2) predict interannual variability in ANPP? Mean annual precipitation, for example, is a good predictor of ANPP across North America, but is interannual variability in precipitation related to temporal variability in ANPP? Within arid biomes, this relationship has been substantiated (7), but at larger scales, evidence suggests that no relationship exists (8) . If the latter is true, then projections of ecosystem responses to climate change, particularly alterations in precipitation (9), may need revision. Although actual evapotranspiration (AET) is a strong predictor of patterns of ANPP across large regions (1, 6), we selected annual precipitation to address this question (10) because this variable is also strongly related to ANPP (2), and accurate precipitation records are readily available for all biomes.
Analysis of long-term data compiled from 11 terrestrial LTER sites (11) ( Table 1) yielded mean values of ANPP well within the range of values reported previously (1, 5, 6) . Forested sites were more productive than other biomes, whereas desert, alpine, and arctic sites were the least productive (Table 1 and Fig. 1 ). Patterns in interannual variability in ANPP across biomes, however, were in sharp contrast to patterns of average ANPP. The greatest range and coefficient of variation (CV) of ANPP occurred in warm, herbaceous-dominated sites [grasslands and old fields ( Fig. 1)] , whereas ANPP in forested sites was distinctly less variable than in the other biomes. These results support earlier predictions, based on analyses of variability in AET, that interannual variability in grassland ANPP is high (5).
Mean annual precipitation was a strong predictor of patterns of average ANPP across these 11 sites (Fig. 2) . At continental scales, precipitation quantity is inversely related to relative precipitation variability [(CV) (12) ], and we predicted that biomes with the most variable precipitation patterns (deserts had the greatest CV: Ͼ30%) or with the greatest range in precipitation would also have the greatest interannual variability in ANPP. However, there was no relationship between variation in precipitation (range and CV) and variation in ANPP. Thus, climatic variables useful for predicting average ecological responses across climatic gradients may not predict variability in these responses.
We explored the ANPP-precipitation relationship further by focusing on specific aspects of variability. This included quantifying the relative precipitation maxima [(maximum -mean)/mean] for the wettest year at each site or precipitation minima [(mean -minimum)/mean] for the driest year and assessing their relationship with corresponding relative ANPP pulses (maxima) or declines (minima). Predictions of climate change-related increases in the size and frequency of extreme precipitation events and droughts (9, 13) prompted this analysis. We found a strong positive correlation between the magnitude of the relative maxima in precipitation and pulses in ANPP (Fig. 2) . For the three grassland sites, relative pulses in ANPP were Ͼ70%, whereas in forests, production pulses were Ͻ20%. Thus, when grasslands experience unusually high precipitation levels, this biome has the capacity for large production responses.
Biome-level patterns of ANPP responses to wet years were not mirrored by a significant relationship between relative drought years and ANPP declines. Consequently, biomes across this gradient displayed asymmetric responses to precipitation extremes, perhaps due to buffering mechanisms that reduced the impact of drought on productivity. Nonetheless, the magnitude of relative ANPP pulses was positively correlated to ANPP declines across all biomes (Fig. 3) . Asymmetry was again evident as several herbaceousdominated sites (arctic and alpine, two grassland, and one desert site) exhibited larger pulses in ANPP than declines. There are several explanations for asymmetric responses to wet versus drought years. Plant physiological adjustment to water stress, soil water storage, vegetation structural constraints, and plant responses related to climatic conditions from the previous year (6, 7, 14, 15) all may alter responses to drought. More intriguing is the absence of any sites (with at least 10% variability in ANPP) falling below the 1:1 relationship (Fig. 3) . Thus, although pulses in ANPP can be dramatic in wet years, perhaps due to the release from multiple resource limitations (16, 17) , no sites exhibited reductions in ANPP of a similar magnitude in dry years. This constraint on potential ANPP responses to precipitation variability should be incorporated into projected global carbon budgets (4, 18, 19) .
We suggest that interactions among gradients in precipitation amounts, variability, and growth potential of the vegetation are responsible for the observed fourfold difference ( Fig. 1 ) in biome-level variability in ANPP. As noted earlier, relative precipitation variability is thought to vary inversely with precipitation amount (12) . We used VEMAP (Vegetation/Ecosystem Modeling and Analysis Project) climate data (20) from Ͼ3000 grid cells across the United States to confirm that such a relationship exists and to corroborate the relationship based on the LTER sites (Fig. 4) . In both cases (VEMAP and LTER data), CVs for precipitation in deserts were much higher than in the forest sites, with grasslands being intermediate (Fig. 4) . However, explaining ANPP responses to variability in precipitation among biomes requires a more complex model than those developed for individual biomes (14) . Such a model must include both biotic components (vegetation growth potential, plant meristem density, and leaf area) and abiotic components ( precipitation variability and ecosystem water deficit or surplus), all of which vary with precipitation (Fig. 4) . Thus, although deserts show large relative pulses in ANPP in response to wet years, absolute ANPP responses are biotically constrained because of low plant density (meristem limitation) and Fig. 3 . Relationship between the magnitude of relative ANPP pulses (maxima) and declines (minima) for 11 LTER sites ( Table 1 ). The 1:1 line illustrates the asymmetry that occurs because pulses in ANPP in wet years are typically greater than declines in dry years. Analyses of relative precipitation maxima versus minima yielded a symmetrical pattern around the 1:1 relationship, with a different ordering of sites (26) , suggesting that this pattern does not reflect asymmetry in precipitation variability. (24)] for desert, grassland, and forest biomes (bars). Ratios include data from 9 desert, grassland, and forested LTER sites combined with 10 sites ranging from Rock Valley, Nevada (164 mm of precipitation), to Andrews Forest, Oregon (2592 mm of precipitation); from (6) . Although precipitation variability in forests can be similar to that in grasslands, the PPT/PET ratio for forests (2.8) suggests that water limitations and ANPP responses to precipitation variability will be reduced compared to grasslands (with a PPT/PET ratio near 1).
leaf area. Forests have potentially faster growing species and leaf areas that are several times greater, but ANPP responses are abiotically constrained because such biomes typically do not experience much precipitation variability. Or, if variability is substantial, a water surplus [estimated as the ratio of annual precipitation to potential evapotranspiration (PPT/PET)] typically exists (Fig. 4) . Thus, most forests have sufficient moisture to meet evapotranspirational demands even during years with below-average precipitation; and during wet years, other resources such as light or nutrients limit production responses in forests. It is in herbaceous-dominated ecosystems, such as grasslands and old fields of the central United States, that the production potential of the vegetation is high, the PPT/ PET ratio is near or below one, and substantial precipitation variability occurs (Fig. 4) . These biomes display the greatest interannual variability in ANPP under current precipitation patterns (Fig. 1) and may be the most responsive to future climatic changes.
Our results have two implications. First, assessing temporal variability in primary production is important for quantifying energetic constraints on organisms, population dynamics, and community structure across a range of terrestrial biomes (21) . Second, the inherently high climatic variability of the central United States has been described as detrimental for detecting climate change in this region (22) . Certainly, there is evidence that longterm climate changes have caused dramatic shifts in species distributions and biome boundaries across North America (23) . However, initial biotic responses to global changes will not be manifest as biome shifts but rather as more subtle changes in ecosystem states and processes. Our results provide a basis for predicting which biomes will respond most rapidly and strongly to global change phenomena, particularly to alterations in precipitation. If the sensitivity of ANPP in grasslands to precipitation variability portends responses to alterations in other resources, then these biomes may be especially valuable as ecological bellwethers of global change.
Anti-inflammatory Activity of IVIG Mediated Through the Inhibitory Fc Receptor
Astrid Samuelsson, Terri L. Towers, Jeffrey V. Ravetch*
The molecular basis for the anti-inflammatory property of intravenous gamma globulin (IVIG) was investigated in a murine model of immune thrombocytopenia. Administration of clinically protective doses of intact antibody or monomeric Fc fragments to wild-type or Fc␥ receptor-humanized mice prevented platelet consumption triggered by a pathogenic autoantibody. The inhibitory Fc receptor, Fc␥RIIB, was required for protection, because disruption either by genetic deletion or with a blocking monoclonal antibody reversed the therapeutic effect of IVIG. Protection was associated with the ability of IVIG administration to induce surface expression of Fc␥RIIB on splenic macrophages. Modulation of inhibitory signaling is thus a potent therapeutic strategy for attenuating autoantibody-triggered inflammatory diseases.
Although first introduced for the treatment of hypogammaglobulinemia, IVIG has since been shown to have broad therapeutic applications in the treatment of infectious and inflammatory diseases (1) . The polyclonal specificities found in these preparations have been demonstrated to be responsible for some of the biological effects of IVIG. For example, IVIG has been used as prophylaxis against infectious agents and in the treatment of necrotizing dermatitis (2) . Independent of these antigen-specific effects, IVIG has well-recognized anti-inflammatory activities, generally attributed to the immunoglobulin G (IgG) Fc domains. These activities, first applied for the treatment of immune thrombocytopenia (ITP) (3, 4) , have been extended to the treatment of a variety of immune mediated inflammatory disorders including autoimmune cytopenias, Guillain-Barré syndrome, myasthenia gravis, anti-Factor VIII autoimmune disease, dermatomyositis, vasculitis, and uveitis (5-10). A variety of explanations have been put forward to account for these activities, including Fc receptor blockade, attenuation of complement-mediated tissue damage, neutralization of autoantibodies by antibodies to idiotype, neutralization of superantigens, modulation of cytokine production, and down-regulation of B cell responses (11) (12) (13) (14) . However, the importance of any of these mechanisms to the in vivo activity of IVIG has not been established. 
